Back pain is a very common condition, often benign, but leading to prolonged disability in some cases. 28 These cases account for the vast majority of the related costs, which can be considerable in developed countries. 30 The bulk of these costs are because of work absenteeism, a frequent consequence of prolonged disability.2 Measurement of disability is a difficult issue because of its overlap with pain and impairment, and no perfect measuring instrument has yet been developed. 31 However, physicians managing back pain are often asked by administrative agencies to determine the level of disability and the ability to work.7 Currently, several computerized devices are marketed, and their authors claim they can objectively evaluate disability. One may be inclined to put greater trust in an "objective" device than in a "subjective" questionnaire.
The current study compares the validity of one of these devices, the Spinoscope (Spinex Technologies, Montréal, Québec), a marketed opto-electric machine measuring trunk kinematics,11 with the validity of a short and widely used back-specific functional capacity questionnaire (Oswestry questionnaire)10 by studying the relation of the two instruments with the work status of patients with back pain.
Measuring functional capacities of patients with back pain remains a challenge. 7 The way physicians translate physical impairment into functional status level remains unclear and varies among physicians.1 A number of methods or instruments have been proposed to evaluate functional capacities, and Deyo9 classified them into seven categories: (1) functional questionnaires, (2) global ratings (e.g., excellent, good, fair, poor), (3) timed activity and obstacle course, (4) employment status, (5) disability days (e.g., work loss, bed days, limited activity days), (6) patient diaries, and (7) electronic monitors.
Duration of work absenteeism is directly related to functional capacity and initially seems easy to measure.32 However, several problems may occur when this variable is used as an outcome measure for back pain. Return to work after a back pain episode may be biased by the occurrence of short-term recurrences.6 Also, light duties are often offered by employers on a temporary basis, and, in such cases, return to work does not represent the cessation of disability, but confirms its persistence. 15 Conversely, return to work may be facilitated by the implementation of job modifications rather than by improvement of functional capacity.23 Assessment of the duration of absence from regular work (including recurrences) during a 1-year follow-up has been found to be an appropriate measure of disability.23 Regular work is defined as the usual worker's job, excluding any time on light duties.
Numerous electronic devices have been designed to measure the strength of the back and have claimed to assess functional capacity.27 However, studies have shown inconsistent results, suggesting that these machines are inappropriate to determine the level of functional capacity of workers.25,26 Recently, opto-electric devices that measure trunk kinematics were introduced. The Spinoscope was developed on the hypothesis that lumbar spine kinematics, including time of contraction and relaxation of the multifidus, behave in a different pattern in subjects with and without low back pain.11
Lumbar spine kinematics are measured with cameras observing the movement of 16 infrared markers placed on spinous processes, pelvis and heels, during flexion-extension and lateral bending movements of the subject. These movements are made with or without weight lifting. All the data (including electromyographic patterns) are compared with a normative database13 and interpreted by an expert system that calculates an index of normality said to correspond to the spinal functional capacity.12 This index varies from 0 (totally abnormal function) to 100 (perfect function). Leclaire21 showed that this device, as well as triaxial dynamometry, was better than a clinical examination in detecting healthy subjects simulating back pain or patients simulating a normal back. However, the capacity of these instruments to discriminate was not considered sufficient for clinical or legal use. In addition, when examining healthy subjects or patients with back pain who were telling the truth, clinicians were more accurate than the Spinoscope. 21 Leclaire's study only selected patients with acute back pain, and subjects were only evaluated on the presence or absence of low back pain.
Several generic and specific functional capacities questionnaires have been designed to evaluate patients with back pain, and their reliability and validity was compared in a recent review. 20 The preference between generic and specific questionnaires remains a debate. 5 The Oswestry questionnaire is a short, specific instrument that measures impact of back disability on daily function by exploring 10 domains, with 10 global questions (pain, self care, lifting, walking, sitting, standing, sleep, sexual life, social life, and traveling) scored on an ordinal scale.10 It does not directly assess work status. This questionnaire has been widely used for research and clinical purposes. 20 If these instruments are intended for clinical use, as is claimed by their authors,10,12 they should help the clinician decide whether to return a patient to his regular work (i.e., to full (or at least improved) functional capacity. This was the rationale for the current study. The objectives of this study were: 1) to study the relation of the Spinoscope, the Oswestry questionnaire, and work status in back pain patients; and 2) to assess the responsiveness to change in work status of these two instruments.
Methods TOP
This study was part of a population-based randomized clinical trial on the management of subacute back pain. 24 The study population included all workers from all workplaces with more than 175 employees located in the Sherbrooke area (a town in the province of Quebec). Subjects became eligible for the trial if they developed work-related back pain and were absent from regular work for more than 4 weeks (mean, 42 days; range, 22-88 days).
Patients were randomized to four different methods of management (usual care, rehabilitation, ergonomics, or rehabilitation + ergonomics). Each subject had a detailed evaluation at study entry and at 12, 24, and 52 weeks after the back accident. Nonspinal back pain, severe back cases (such as fractures or spondylolisthesis grade >2) and pregnant women were excluded.
At each visit, a complete evaluation was performed by an independent examiner. Detailed questions on work status were asked to ascertain whether the patient was not working at all, assigned to light duties, or back at his regular tasks. In all cases, it was the attending physician who prescribed return to work. The Oswestry questionnaire was completed by the patient. The Spinoscope measurements were taken on the same day by one of the authors (AS) who had been trained by Spinex Technologies. She was blinded to the other results of the evaluation. The Spinoscope system had been installed by Spinex Technologies (Northern Digital, Waterloo, Ontario) and used WATSMART cameras. During the first part of the study, all measurements were taken without weight lifting, as instructed by the manufacturer. However, at the midpoint of the study, Spinex Technologies indicated to the authors that weight lifting was necessary to test functional capacity appropriately, so both methods were applied from then on. Other potentially confounding variables collected included: age, gender, and pain level measured by the McGillMelzack pain rating index.24
Work status and Oswestry scores were entered into a data-base (Acius Fourth Dimension) by a research assistant. Spinoscopic data were collected with the Spinoscope software on removable hard discs, which also included each subject's study number, age, and gender. These discs did not include the patient's identity, randomization status, or other variable. Removable hard discs were given to Spinex Technologies and interpreted blindly by the Spinoscope expert system (version 2.58). No research or technical personnel from Spinex Technologies were involved in the collection of data. Results of the expert system processing (index of normality) were printed and given to the investigators by Spinex Technologies. All data were then transferred to SPSS software (SPSS Inc., Chicago, IL) for statistical analysis.
Permission for the study was obtained from the Ethics Committee of the Sherbrooke University Hospital, and all participants provided written informed consent. Data collection lasted from February 1992 to December 1994.
Analysis. The validity of the Oswestry questionnaire and the Spinoscope was assessed in four ways: 1) correlation between Oswestry and Spinoscope scores, 2) correlation between the changes of the Oswestry and Spinoscope scores with time, 3) responsiveness to change in work status of each instrument and 4) association between Oswestry and Spinoscope scores with work status.
1. Because both instruments are intended to measure the same concept (i.e., the functional capacity), the association between the two instruments was assessed through partial correlations analyses, controlling for the potentially confounding factors of age, gender, and pain level. These analyses were performed at each visit (study entry and 12, 24, and 52 weeks after the back accident).
2. To assess whether the amount of change between two successive visits was the same for both instruments, partial correlations were used to measure the association between the amount of change in scores of the Oswestry questionnaire and the Spinoscope, controlling for age, gender, and pain level. Partial correlations for the amount of change in scores were performed for three time periods: between the 4th and the 12th weeks, between the 12th and the 24th weeks, and between the 24th and the 52nd weeks.
3. Change in work status was the criterion chosen to represent a clinically important change in functional status. To assess the responsiveness to change in work status of the Oswestry questionnaire and the Spinoscope, a comparison of the performance of each instrument in detecting change of work status over time was carried out. The patients were divided into two groups: the first group included subjects who had no change in work status between two successive evaluations (still working or still not working); the second group included subjects who returned to regular work between two successive evaluations. The degree of responsiveness was measured with the standardized response mean, which is the mean change in scores divided by the standard deviation of that change.18,19,22 A high standardized response mean indicates a large change in the scores of the instruments, whereas a low response mean is associated with a small change in the scores. Paired Student t tests were used to evaluate the statistical significance of the differences between scores. The analysis was performed for three time periods: between the 4th and the 12th weeks, between the 12th and the 24th weeks, and between the 24th and the 52nd weeks.
4. Two methods were used to evaluate the association between the scores of the two instruments and work status: logistic regression analysis and receiver operating characteristics (ROC) curves.14 1) R statistics, derived from the logistic regressions, were calculated to measure the strength of the association between the instruments and work status.3 The potentially confounding variables (age, gender, and pain level) were included in the model. Hosmer-Lemeshow goodness of fit tests were calculated to evaluate the global adjustment of the models. The standardized residuals also were analyzed to see whether there were any aberrant data. 2) ROC curves were used to evaluate the sensitivity and the specificity of both instruments, using work status as the gold standard. Capacity of the instruments to discriminate between subjects who were working and those who were not was evaluated by calculating the area under the ROC curve. This area ranges from 0.0 (completely erroneous reading) to 1.0 (perfectly correct reading), with a value of 0.5 corresponding to no discrimination power (chance). The closer the score is to 1.0, the more accurate the instrument is in determining work status. Areas were compared to 0.5 value and between them with Student t tests.14 Both types of analyses (logistic regression and ROC curves) were performed on the data collected at the 12th, 24th, and 52nd weeks. The analyses were not done on the 4th week data because all subjects were absent from regular work at that time.
Results TOP
In this trial, 130 patients were randomized. However, not all had a Spinoscope evaluation, because this instrument was not set up in the study facility from the beginning of the study. Therefore, some patients had four Spinoscope evaluations and others less. This explains the varying number of patients analyzed at each assessment.
The patients who had both Spinoscope and Oswestry evaluations included 64 men (57%) and 48 women (43%). Mean age was 40 years (SD = 8.7; range, 22-61). All patients were absent from their regular work at baseline. The number of patients available for Spinoscope and Oswestry analysis, and means, standard deviations, and ranges of Spinoscope and Oswestry scores at each evaluation are shown in Table 1 .
As explained earlier, two protocols were used, one with and the other without weight lifting. Therefore, all patients were submitted to the protocol without weight lifting at each evaluation, and only some patients had both protocols (Table 1) . Results of both protocols are presented separately, to evaluate the manufacturer's claim that weight lifting may make a difference in measuring functional capacity.
Almost all correlations between the Oswestry and the Spinoscope scores were nonsignificant (P > 0.05) ( Table 2) . Only the correlation between the Oswestry and the Spinoscope scores at the 4th week in the protocol without weight lifting was statistically significant (r = -0.29; P < 0.01), but this correlation was weak.
The correlation between the changes of the Oswestry and the Spinoscope scores with time are shown in Table 3 . No correlation between the amount of change in the Oswestry and Spinoscope scores were significant (P > 0.05), for all periods and for both Spinoscope protocols (with and without weight lifting). Table 4 . The Oswestry scores changed significantly for the group of subjects who returned to work, for all three time periods (P < 0.05). For the subjects who had the same work status, the change in Oswestry scores was significant for the first two periods (P < 0.05) but nonsignificant for the last period (P > 0.05). However, the standardized response means were much higher for the group that returned to work than for the group that had no change in work status, for all periods. This indicates that the change in score was larger for the group of subjects that returned to work than for those who had no change in work status.
Responsiveness to change in work status is demonstrated in
Spinoscope scores did not change significantly for both groups of subjects (those who returned to work and those with the same work status), with both protocols (with and without weight lifting), and for all periods (P > 0.05). The standardized response means were also quite low, indicating a small change in score between two periods.
In the logistic regression analysis, Oswestry scores were significantly associated with work status for all three time periods (P < 0.05) (Table 5 ). However, the R statistic shows that this association is not high, with a value ranging from 0.14 to 0.31. All three regression models for the Oswestry questionnaire adjusted well, according to the nonsignificance of the Hosmer-Lemeshow goodness of fit statistics (P > 0.05). Conversely, the association between the Spinoscope scores and work status was nonsignificant, for all periods and with both protocols (with and without weight lifting) (P > 0.05) (Table 5) . Table 6 comprises the values of the areas calculated under the ROC curves and standard errors. The Oswestry questionnaire was significantly better than chance in discriminating between subjects who were working from those who were not, for the three assessments (P < 0.05). The Spinoscope was significantly better than chance at the 12th week assessment for the protocol with weight lifting and at the 12th and 24th week assessments for the protocol without weight lifting (P < 0.05). When comparing the Oswestry and Spinoscope curves between them at each time period, the Oswestry questionnaire was in all cases significantly better than the Spinoscope protocols in discriminating subjects who were working from those who were not (P < 0.05). As an example, the graph of the ROC curves at the 12th week assessment is shown in Figure 1 .
Discussion TOP
In this study, the validity of a new opto-electric device (the Spinoscope) coupled with an expert system was evaluated in following the evolution of patients with back pain by assessing the relation between Oswestry and Spinoscope scores and work status. Both the Spinoscope and the Oswestry questionnaire were compared for their strength of association with the work status. Partial correlations between Spinoscope and Oswestry scores were poor, both at defined time periods and in between periods (Tables 2 and 3 ).
Oswestry questionnaire scores were significantly related to work status, whereas Spinoscope scores were not, as shown by the results from the logistic regression (Table 5) . However, values for the strength of the association between the Oswestry questionnaire and work status (represented by the R statistic) were not high, and this indicates that complementary factors other than those explored by the Oswestry questionnaire are linked to return to work.
The capacity to discriminate between subjects working and not working was significantly higher for the Oswestry questionnaire than for the Spinoscope, as shown by the results from the ROC curves (Table 5) . The Oswestry questionnaire also demonstrated a high responsiveness to change in work status (Table 4) , which confirms previous studies.16,29 On the other hand, the Spinoscope was not responsive to change in work status (Table 4) .
Therefore, it appears that advanced technology has failed to measure functional capacity, measured by the Oswestry questionnaire, and the ability to perform one's regular job. Conversely, a simple questionnaire, with 10 questions on daily life functioning, was able to do so. This study confirms the ability of the Oswestry questionnaire to help clinicians measure the functional capacity of patients with back pain. However, many factors other than those explored by the Oswestry questionnaire could be involved in determining the work status, because the strength of the association between the Oswestry questionnaire and work status was not high.
Return to regular work is not a gold standard measure of disability level because it may be dependent on other factors, such as work demands,8 safety programs,17 or job satisfaction. 4 However, it is a central point of interest for workers, employers, and insurers because persistent absence from work is by itself disabling, and the majority of the costs associated with work-related back pain are related to this variable. 28 In this study, exploring several back-related dimensions of disability with a few simple questions was more effective than testing back kinematics.
Even though significant changes were observed in the Oswestry scores between the 4th and 12th weeks and between the 12th and 24th weeks for subjects that had no change in work status between these periods, standardized response means were much lower compared with the means of the subjects having returned to regular work during these periods (Table 4 ). This illustrates that the amount of change in Oswestry scores were less for the subjects that had no change in work status compared with those who returned to regular work during the same periods. In addition, return to work was a dichotomous variable, and Oswestry scores were continuous: some patients may have improved their functional status, but not enough to pass the return-to-regular-work threshold.
Two Spinoscope protocols were used, with and without weight lifting, because the study team was advised by the manufacturer at the midpoint of the study that measurement with weight lifting could provide a more accurate measure of functional capacity. Our results did not confirm this point. Conversely, the only statistically significant result for the Spinoscope score (P = 0.00) was when the Spinoscope protocol without weight lifting was compared with the Oswestry score (Table 4) . However, the partial correlation was low (0.29).
In most studies evaluating the validity of instruments, the study population is the population attending a specific clinical setting. The current study included all Workers' Compensation Boardcompensated patients with back pain in industrial settings of more than 175 workers in a defined geographic area. The same rules for returning to work applied to all workers: return to work had to be prescribed by the attending physician and accepted by the employer and the insurer. As assignment to light duties is common practice in Quebec; return to regular work was chosen as an outcome measure because assignment to light duties confirms the persistence of disability. Conversely, performing one's regular work confirms the return to a functional status similar to the one before the current back pain episode.
In these authors' opinion, developing tools to assist clinicians to determine the functional capacity of patients with back pain remains an important goal. However, the selection of these tools should be determined by appropriate validation studies.
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